Pocket^- mwlpcr 



/iO^R-^ I filed- Of /so/of^ 



Xyr^T WORLD INTELLECTUAL PROPERTY ORGANIZATION 

I L x International Bureau 

INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCD 



(51) International Patent Classification 5 : 
O08K 5/34, 5/13 



Al 



(IDIrtenntfoni] Publication Number: 
(43) International Publication Date: 



WO 91/04293 
4 April 1991 (04.04.91) 



(21) International Application Number: 

(22) International Filing Date : 1 4 



PCT/US90/05236 
1990(14.09.90) 



(30) Priority data: 
409^28 



20 September 1989 (20.09.89) US 



(71) Applicant: S2LBERLINE MANUFACTURING CO., 

INC. [US/US]; R.D. 2, Hometown, Tamaqua, PA 18525 
(US). 

(72) Inventors: MICALE. Fortunato, J. ; 3244 Edna Terrace, 

Bethlehem, PA 18017 (US). JENKINS, William, G. ; 152 
Church Street, Plymouth, PA 18651 (US). 

(74) Agent: GRIBOK, Stephan, P.; Eckert Seamans Cherin & 
Meilot, 1700 Market Street, Suite 3232, Philadelphia, PA 
19103 (US). 



(81) Designated States: AT (European patent), AU, BE (Euro- 
pean patent), BR, CA, CH (European patent), DE (Eu- 
ropean patent)*, DK (European patent), ES (European 
patent), Fl, FR (European patent), GB (European pa- 
tent), IT (European patent), JP, LU (European patent), 
NL (European patent), SE (European patent). 



Published 

With international search report 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: COLORED METALLIC PIGMENTS 



(57) Abstract 



The invention relates to a colored metallic pigment comprising the combination of metallic flakes and a polymer matrix en- 
capsulating a solid colorant cured thereon. 



* See back of page 



USPS EXPRESS MAIL 
EV 511 024 032 US 
SEPTEMBER 30 2004 



Best Available Copy 



DESIGNATIONS OF "DE" 



Until further notice, any designation of "DE" in any international application 
whose international filing date is prior to October 3. 1990, shall have effect in the 
territory of the Federal Republic of Germany with the exception of the territory of the 
former German Democratic Republic. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Auilria 


es 


Spain 


MC 


Monaco 


A.U 


Auilrafia 


pi 


Fl aland 


MC 


Madagascar 


BB 


Baitadca 


PR 


Franco - 


ML 


Mail 


BE 




CA 




MR 


Mauritania 


BP 


Burkina Fmso 


GB 


United Kingdom 


MW 


Mnlawi 


BC 


Bulgaria 


ca 


Groses 


KL 


Netherlands 


BJ 


Benin 


HU 


Hungary 


KO 


Norway 


BR 


Brazil 


IT 


Italy 


PL 


Poland 


CA 


Canada 


JP 


Japan 


RO 


Romania 


CP 


Con l ml African Republic 


KP 


Dcmoc relic People'b Rcpub&c 


8D 


Sudan 


CG 


Congo 




of Korea 


SB 


Sweden 


CH 


SwUxcrbnd 


KB 


Republic of Korea 


SH 


Senegal 


CM 


Cameroon 


U 




su 


Soviet Union 


DB 


Gurmany 


LK 


Sri Unia 


TD 


Chad 


DK 


Denmark 


LU 


Luxembourg 


TC 
US 


Togo 

United Stales 



of America 




WO 91/04293 



PCI7US90/05236 



1 



COLORED METALLIC PIGMENTS 



BACKGROUND OF THE INVENTION 



Field of the Invention 



This invention relates generally to the field of 
metallic pigments, and more particularly, relates to a 
process for preparing a colored metallic pigment 
suitable for use as a surface coating and to the 
colored metallic pigment product. 
2. Discussion of the Prior Art 

Metallic pigments in general, and aluminum 
pigments in particular are widely used in the coating 
industry to produce finishes of the type which have a 
metallic luster. The procedure generally used at the 
present time to produce a colored finish with a 
metallic luster is to disperse both a metallic pigment 
and a transparent colored pigment in a suitable 
vehicle. Such dispersions have achieved wide 
acceptance as automotive finishes wherein a plurality 
of interesting colors having a metallic luster have 
become increasingly popular. 

In the past, attempts at coloring aluminum flake 
pigments have been tried by prior workers in the art, 
using a precipitation of iron oxide onto the aluminum 
pigment surface. This has produced a flake with a gold 
color, but the procedure has been rather complicated. 
Another process for coloring metallic pigments is 
disclosed in United States Patent No. 4,328,042 which 
teaches the vapor deposition of iron penta-carbonyl 
onto an aluminum flake surface. The subsequent 
oxidation of the iron penta-carbonyl to iron oxides and 
carbon dioxide then produces a colored flake. The 
color of this flake is dependent, on the conditions of 
processing and thickness of the iron oxide layer. In 
United States Patent No. 4,158,074, a process for 
coloring aluminum powder is disclosed which comprises 
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immersing finely divided aluminum in a weak alkali 
solution containing a specified metallic salt and an 
aliphatic amine and then separating the aluminum from 
the solution. The need remains to provide a 
commercially acceptable procedure for economically 
coloring metallic pigments. 

It is therefore an object of the present 
invention to provide a process for the preparation of 
colored metallic pigments, particularly aluminum 
pigments, wherein a surface coating can be produced 
having the desired metallic luster without requiring 
the additional dispersion of a transparent colored 
pigment. 

It is a further object of this invention to 
provide a process to reproducibly and irreversibly 
color specific grades of aluminum flake pigments. 
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SUMMARY OF THE INVENTION 
This invention relates to colored metallic 
pigments suitable for use as surface coatings, and more 
particularly, teaches how to make metallic particles 
having a color imparted thereto and wherein the desired 
metallic luster has been retained. 

An experimental approach has been adopted for 
coloring metallic particles, such as aluminum flakes, 
with pigment particles encapsulated with polymers and 
copolymers. Such encapsulated pigment particles are of 
the type described and claimed in United States Patent 
No. 4,665,107 entitled "Pigment Encapsulated Latex 
Aqueous Colorant Dispersions". Such particles are 
hereinafter referred to as "PEL" colorants and can be 
obtained from Koh-I-Noor Rapidograph, Inc., Bloomsburg, 
New Jersey. The advantage of this approach is that the 
encapsulating polymer matrix can be designed 
specifically to interact directly with the metallic 
flake surface and result in good adhesion independent 
of the nature of the pigment particle. 

The stability of colloidal dispersions, where 
all the dispersed particles axe identical, may be 
brought about by coulomb ic repulsion where all the 
particles have the same ionic charge and hence are 
repelled by one another. Instability can occur when 
the particles have a very low charge or are oppositely 
charged. Selective interaction between two different 
types of dispersed pa. nicies require that the like 
particles are stable with respect to one another, so as 
to prevent flocculation, but that one type of particle 
will be unstable with another type. It is also 
expected from the theory of van der Waals attraction, 
which is a basic attraction which exists between all 
matter, that the attraction between a particle with a 
small radius of curvature, i.e., a colored pigment 
particle, and a flat particle, i.e., a metallic flake, 
will be greater than the attraction between two small 
particles. The theory suggests that it is possible for 



both the colored pigment and the metallic pigment to 
have the same ionic charge, but that the charge on the 
colored pigment can be controlled so as to have a 
charge which is sufficiently high for stability between 
colored pigments, but low enough so as to be unstable 
with aluminum flakes. 

This concept has been tested by measuring the 
electrophoretic mobility, which is a measure of the 
sign and magnitude of particle charge, of aluminum 
powder, 3A yellow PEL, and yellow pigment in water as a 
function of pH. The yellow pigment and the 
encapsulated pigment utilized in the PEL were Ciba 
Geigy VT-915-D Monastral Yellow. This experiment was 
carried out in water because the sign and magnitude of 
particle charge could be more conveniently controlled 
by pH. The results of these experiments show that all 
the particles are negative as a function of pH except 
for the aluminum which turned positive at pH values 
below 3. The yellow PEL and pigment were subsequently 
individually added to aluminum dispersions in water at 
the different pH values. The results were evaluated by 
observing the supernatant after sedimentation of the 
aluminum particles. A clear and colored supernatant 
were interpreted as effective and ineffective coloring 
respectively of the aluminum pigment. 

The results showed that coloring of the aluminum 
particles occurred at a pH value of 2 for both PEL and 
yellow pigment where the aluminum was positive and the 
yellow PEL and pigment were negatively charged. 
Limited coloring was detected for the yellow pigment at 
pH of 4 where both the aluminum and the yellow pigment 
had a negative charge, but with a low value for the 
yellow pigment. Subsequent increases in pH for the 
colored aluminum pigment dispersions showed that the 
PEL remained with the aluminum particles while the 
yellow pigment slowly redispersed with modest 
agitation. These experiments indicated that initial 
coloring of aluminum pigments car. be controlled by 
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surface charge, but that irreversibility of coloring 
requires additional adhesion brought about by the 
encapsulating polymer which may necessitate formulation 
for specific grades of aluminum pigments. 

According to one embodiment of the invention 
there is provided a colored metallic pigment comprising 
the combination of metallic flakes and a polymer matrix 
encapsulating a solid colorant cured thereon. 

Advantageously , the polymer and colorant 
comprise about 4% to 25% by weight of said combination. 

Preferably, the amount of polymer to colorant is 
in a ratio of 10% polymer to 90% colorant to 90% 
polymer to 10% colorant. 

Metallic flake material other than aluminum can 
be used, for example, zinc, brass, bronze, gold and the 
like. 

The polymer matrix is formed preferably with a 
polymer selected from the group consisting of polyvinyl 
butyral resin, vinyl acetal polymers, bisphenol 
glycidyl ether type epoxy resin, rosin maleic copolymer 
resin, carboxyl functional acrylics, styrene /maleic 
anhydride copolymers and alkylated vinylpyrrolidone 
copolymers . 

According to a further embodiment of the 
invention a coating composition is formed with the 
colored metallic pigment and suitable organic solvent. 
Preferably, the solvent comprises mineral spirits. 

The invention also provides a method for 
preparing a colored metallic pigment comprising the 
steps of 

A. Admixing metallic flakes in a lower 
alcohol, 

B. Adding to the mixture of step A a colorant 
encapsulated in a polymeric matrix. 

Preferably, the metallic flakes in said lower 
alcohol are at a concentration of less than 5%. 
Advantageously, the content of water is not more than 
5%. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT OF THE INVENTION 

The experimental conditions required for 
coloring metallic pigments with PEL must take into ■ 
account three facts. One is that the PEL can only, in 
the practical sense , by supplied as aqueous * 
dispersions. Another fact is that metallic pigments, 
such as aluminum pigments, are normally supplied as a* 
paste in mineral spirits and must undergo minimum 
contact with water. The final fact is that water is 
only slightly soluble in mineral spirits. These facts 
require that the coloring procedure utilize an 
intermediate solvent which is mutually soluble in both 
water and mineral spirits since the presence of a 
second liquid phase will not permit direct interaction 
between the coloring particle and the metallic pigment. 
The general concept is that as the polarity of a 
molecule decreases, the solubility in water decreases 
and the solubility in mineral spirits increases. 
Alcohols of different chain length were evaluated as 
the intermediate solvent because of the wide range and 
systematic availability of the polarity of the alcohol 
series as a function of chain length, and because 
alcohols, in general, are economically available , and 
are relatively safe in terms of environmental 
considerations. 

The general laboratory procedure for coloring 
aluminum pigment was as follows. A known amount of 
commercial grade aluminum pigment, for example. Sparkle 
Silver 3000 AR Aluminum Paste, as manufactured and 
sold by Silberline Manufacturing Co* , Inc., Homestown, 
Pennsylvania, the assignee of the present application, 
was added to 10 cc of alcohol in a test tube and shaken 
for about 30 seconds. A known amount of a 10% 
dispersion of PEL in water was then added to the 
aluminum pigment dispersion in alcohol and shaken 
intermittently for several minutes. The test tube was 
then allowed to stand for approximately two hours to 
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allow total sedimentation of the aluminum pigment. The 
clarity of the supernatant was then recorded along with 
the sedimentation height of the aluminum pigment- The 
sedimentation height is indicative of the packing 
density of the aluminum pigment which is a function of 
the degree of interation between the aluminum 
particles* A clear supernatant indicated that either 
the PEL has colored the aluminum flakes and settled 
with the larger aluminum particles , or that the PEL 
particles have flocculated and settled as a result of 
the particle size of the flocculates* A colored 
supernatant, which can exhibit different degrees of 
color, indicated that the PEL particles were undergoing 
limited or no interaction with the aluminum flakes* 
The clarity of the supernatant was generally identified 
according to the three designations of clear, M C ,f , 
partly clear, n PC n , and unclear , "DC, 

A series of experiments were typically conducted 
following the coloring step for the purpose of 
determining the irreversibility of the colored aluminum 
pigments in different solvents. The first experiment, 
which was necessary to remove most of the water in the 
system, was to decant the supernatant and to replace 
the supernatant with the pure solvent used in the 
coloring step. The aluminum pigment was again allowed 
to settle and observations were made concerning the 
clarity of the supernatant and the sedimentation 
height. This procedure was then repeated for mineral 
spirits, and for additional solvents such as n-butanol 
and toluene. The degree of coloring of the aluminum 
pigment was evaluated by making wire wound drawdowns on 
mylar film of the aluminum paste prepared in mineral 
spirits. The solvents employed preferably are low, 
water miscible alcohols,' such as, for example, 
methanol, ethanol, propanol, isopropanol, 1-butanol and 
2-butanol. 
EXAMPLE 1 
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The initial experiments for the coloring of 
aluminum paste were carried out with the Sparkle Silver 
3000 AR Aluminum Paste in the solvent n-butanol. 

N-butanol was employed inasmuch as it has a limited • 

solubility for water of 10%, and is miscible with 

mineral spirits. The aluminum paste was first 4 

dispersed in the butanol and a yellow PEL, 3A, was 

subsequently added to the butanol and stirred for 

several minutes. Observation of the supernatant after 

sedimentation indicated that the aluminum particles 

were colored. The colored aluminum was then 

transferred to mineral spirits and drawdowns revealed 

that the aluminum particles were irreversibly colored 

with the yellow PEL under these conditions. The same 

treatment with the yellow pigment did not result in 

coloring of the aluminum pigment. Identical tests were 

run for a blue PEL with the same results, 

EXAMPLE 2 

A number of experiments were carried out to 
define the conditions necessary for coloring Sparkle 
Silver 3000 AR Aluminum Paste in n-butanol with the PEL 
dispersions. It was found that the degree of coloring 
the aluminum pigment was controlled primarily by the 
concentration of water, in the butanol. Very little 
coloring was found to occur when the water 
concentration in the butanol exceeded 5%. One factor 
which had a pronounced effect on the degree of coloring 
of the aluminum pigment was the instability, i.e., the 
flocculation, of the PEL dispersions in butanol at the 
higher water concentrations. Since the PEL colorants 
are aqueous dispersions of about 10% solids, the 
aluminum pigment concentration in butanol had to be 
maintained below 5% in order to obtain good color value 
with a sufficient amount of PEL particles. The 
concentration of water in preparing the colored pigment 
can be controlled by evaporating water from the PEL 
formulation so that the PEL is increased in solids 
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concentration. Water can be directly added to the 
aluminum, PEL-alcohol slurry. 
EXAMPLE 3 

A series of different solvents, such as 
2-butanol , tert-butanol , iso-propanol , n-propanol , and 
ethanol were evaluated as the intermediate coloring 
solvent. The objective was to evaluate the different 
solvents for efficient coloring at higher aluminum 
paste concentrations* The propanols were chosen as the 
primary solvents because they are good solvents for 
both water and mineral spirits, and, at least 
qualitatively, yielded the most consistent results in 
terms of color intensity, A systematic series of 
coloring experiments were carried out with n-propanol 
and isopropanol as the intermediate coloring solvent 
for a variety of PEL formulations as supplied by 
Koh-I-Noor, Rapidograph, Inc. 
EXAMPLE 4 

A blue and yellow PEL (5A) was used to color 
Sparkle Silver 3000 AR Aluminum Paste at different 
color levels in the range of 4% to 25% PEL solids based 
on aluminum paste in n-propanol at an aluminum paste 
concentration of 5%. The colored aluminum paste was 
subsequently transferred to mineral spirits and 
drawdowns of the resulting aluminum paste on mylar film 
was used to determine the relative color value. It was 
found that the color value increased with increasing 
PEL concentration up to 15% and leveled off at higher 
concentrations. Additional experiments in isopropanol 
with Silberline Manufacturing Co., Inc. Sparkle Silver 
3000 AR Aluminum Paste and Tufflake TM 3645 Aluminum 
Paste for different PEL formulations as a function of 
the PEL concentration showed that greater color 
intensity could be obtained by increasing the PEL 
concentration above 25%, but that the degree of 
flocculation of the PEL tended to increase with 
increasing solids. This latter fact could present 
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problems for the stability of the colored aluminum 
pigment. 

Scanning electron micrographs, SEM, were taken 
of the colored aluminum paste at PEL concentrations of 
4% and 25%. Representative SEM results at high and low 
magnification for the high and low color levels are 
presented in Figures l f 2, 3 and 4. The results show 
that the PEL is definitely attached to the aluminum 
flakes under conditions of coloring in n-propanol and 
subsequent transfer to mineral spirits. The results 
also indicate that a saturation concentration of PEL on 
the surface of the aluminum occurs which can be 
expected to be a function of the stability of the PEL 
dispersion at the time of coloring. The indication is 
that the degree of coloring is related to the surface 
charge of the PEL and aluminum/ and that the degree of 
irreversibility of the PEL on aluminum is related to 
the properties of polymer present in the PEL 
formulation . 
EXAMPLE 5 

The conditions for coloring aluminum paste were 
evaluated for different experimental versions of PEL, 
and specifically for coloring Sparkle Silver 3000 AR 
and Tuff lake 3645 Aluminum Pastes. The procedure 
adopted for evaluating the degree of coloring anC the 
reversibility of the coloring was as follows. 

The standard formulation was to disperse 0.5 g of 
aluminum paste in 10 cc of either n-propanol or 
isopropanol, and to add to the slurry 0.5 cc of PEL 
dispersions consisting of 6% to 10%. solids. The 
mixture was then shaken in a test tube for one to two 
minutes and the aluminum flakes were allowed to settle. 
The turbidity of the supernatant and the sedimentation 
height of the aluminum was recorded. The supernatant 
was subsequently removed with a pipette and lOcc of 
fresh propanel was added followed by shaking and 
sedmentation. The sedimentation height and turbidity 
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of the supernatant were recorded followed by removal of 
the supernatant and the addition of lOcc of mineral 
spirits- A few drops of the resulting sediment were 
then placed on mylar film, the color value was 
observed , and the sedimentation height and turbidity of 
the supernatant were recorded. The color stability of 
the aluminum pigment was then evaluated in n-butanol 
and in some cases in toluene. Deviations from this 
standard procedure included variation of the 
concentration of aluminum paste and the PEL dispersion, 
and addition of different additives to the propanol 
during the first coloring step. 

The results of the coloring tests are presented 
in Tables 11-1/ II-2 and II-3. The PEL used in these 
tests are presented in Table I. All of the results in 
Table II were carried out in a test tube with 10 cc of 
solvent. The columns in the Table II Beries are 
identified as follows* The first column identifies the 
grade and weight of aluminum paste- The second column 
identifies the grade and weight of PEL dispersion. The 
third column, which is headed by identification of the 
coloring solvent, identifies the sedimentation height 
in brackets and specifies the clarity of the 
supernatant, i.e., C-clear r PC-partly clear p and 
UC-unclear. This column also includes any additives 
used in the coloring step. The remaining columns, 
which are headed by identification of the rinse 
solvents , specify the sedimentation height and the 
clarity of the supernatant - 

The results in Tables II-l, II-2 and II-3 
summarize the coloring experiments .which were carried 
out under different conditions with different PEL 
formulations for the Sparkle Silver 3000 AR and 
Tufflake 3645 Aluminum Pastes dispersed in n-propanol 
and isopropanol- The results in. Table II are intended 
as a record for the evaluation of the different PEL 
dispersions and the experimental development for 
refining the conditions necessary for irreversible 
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coloring of aluminum pigment. Certain trends, however, 
were observed which led to additional experiments. The 
variables which were found to be important were the 
concentration and ratio of PEL to aluminum paste, and 
the concentrations of water and oleic acid dissolved in 
the propanoic The results in Table II, including the 
degree of coloring the drawdowns, also show that the 
different PEL formulations, which consists of different 
polymer combinations as the encapsulating material, 
color and irreversibly color both the Sparkle Silver 
3000 AR and Tufflake 3645 aluminum pigments to 
different degrees. The results confirm that the 
. Sparkle Silver 3000 AR and Tufflake 3645 aluminium 

pigments exhibit different surface properties, and have 
different sensitivities to the concentration of water 
and oleic acid in the propanol. 

The colorants which can be used generally are 
any inorganic or organic pigments. Pigments which have 
been successfully employed include titantium dioxide, 
Sun Chemical Co. Sunfast Blue, American Hoechat 
Hostaperm Red, Chemical Co. Sunfast Green, Ciba-Geigy 
Irgazin Orange 5R, Ciba-Geigy Monastral Gold YT-915-D 
and Ciba-Geigy Monastral Gold YT-815-D. 
EXAMPLE 6 

The most consistent results, and the bes£ color 
value and irreversibility of coloring was obtained for 
the ES2-3 series of PEL with isopropanol as the 
coloring intermediate solvent. In all cases the 
results indicate that water was a factor for 
controlling the color values on the aluminum pigment 
even when the supernatant of the coloring solvent was 
clear. This observation suggests that the 
concentration of water in isopropanol affects the 
stability of the PEL dispersions, where limited 
flocculation of PEL particles results in a loss of 
color value. 

Observation of a large number of coloring 
experiments has shown that a clear supernatant in the 
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coloring step does not always result in significant 
coloring of the aluminum pigment. The interpretation 



is strongly dependent upon the stability of the DELFEL 
particles because flocculation of the PEL particles 
results in a clear supernatant and a loss of color 
value on the aluminum flakes. The stability of the 
DELPEL dispersions was, therefore, evaluated in 
n-propanol under different conditions and the results 
are summarized in Table III-l through Table III-9. The 
first column in Table III identifies the grade and 
weight of the aluminum paste which was sedimented from 
10 cc of the supernatant solvent, and the second column 
identifies the type and weight of the PEI* dispersions 
added to the supernatant. The third and fourth columns 
in Table III-l and Table III-2 give the stability 
results in the indicated solvents. The fifth column in 
Table III-l and Table III-2 indicate whether or not the 
PEL particles would redisperse after sedimentation, 
which is an indication of the degree of stability of 
the particles. The third, fourth, and fifth columns in 
Tables III-3 to III- 9 give the stability results for 
the indicated different concentrations of water added 
to the n-propanol.. The stability results are expressed 
with the following notation: S-stable, PS-partly 
stable, SS-slightly stable, and US-unstable. 

The concentration of the colorant can be varied 
from as little as 1% to as much as 99% based upon metal 
loading. Concentration averages in the range of from 
10% to 30% colorant to 90% to 70% aluminum pigment have 
proved most satisfactory. 

The interpretation of these data may be 
summarized as follows. All of the PEL particles appear 
to be more stable in n-propanol when water is present 
in the solvent. This appears to, be due to the fact 
that polymer particles in general tend to undergo a 
change in charge as a function of concentration in the 
lower alcohols- This transition always results in a 



of these data indicate, that the mechanism for coloring 
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region of instability due to low surface charge. The 
orange samples led to adequate coloring of the aluminum 
over a wide range of water concentration in propanol 
while the gold encapsulated PEL was found to require 
higher concentrations of water and in addition required 
a surfactant, i.e., sodium lauryl sulphate- There is 
also an indication that the gold dispersion was 
undergoing a change in surface properties with time as 
evidenced by an increase in instability with aging time 
of the PEL dispersions. This instability leads to a 
loss in color value of the colored aluminum pigment 
possibly due to flocculation of the PEL particles on 
the surface of the aluminum flakes. 

The PEL dispersion stability and coloring 
results indicated that the degree of interaction of the 
3AXL27 PEL particles with the aluminum flakes in 
dispersed n-propanol is a function of the concentration 
of water in the propanol. The water concentration, 
furthermore, has potential of affecting the surface 
charge of the PEL particles and aluminum flakes. The 
electrophoretic mobility of Sparkle Silver 3000 AR and 
Tufflake 3645 Aluminum Pastes was measured in propanol 
as a function of water concentration in the range of 0% 
to 15%. The results show that the gold and orange 
samples are different and that both aluminum paste 
samples are negative at 0% water and are positive at 
10% water. The different stability results for the 
Sparkle Silver 3000 AR and Tufflake 3645 Aluminum 
Pastes indicate that different grades of aluminum paste 
can exhibit different surface properties. 

The mechanism proposed for the coloring of 
aluminum flakes is to generate a common condition for 
both the aluminum particles and PEL particles which 
results in stability of like particles, i.e., aluminum 
with aluminum and PEL with PEL, and instability with 
respect to unlike particles, i.e., PEL with aluminum 
particles. The different degrees of stability are 
proposed as being controlled by the surface charge of 
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the PEL and aluminum pigment particles. ' Coloring , 
therefore , can be expected to take place when the 
aluminum and PEL particles are oppositely charged or 
one of the particles, preferably the PEL particle, has 
at least a low charge. The parameters which appear to 
control the charge are the concentration and grade of 
the aluminum paste and the concentration of water in 
propanol. Experiments were carried out to investigate 
the electrophoretic mobility and stability of PEL 
dispersions in the supernatant obtained from different 
concentrations and grades of aluminum flakes in order 
to define the conditions present during coloring. 
These results were consistent with the results obtained 
from the coloring experiments. The objective of -this 
line or research was to evaluate the conditions from 
maximum interaction of the PEL colorant with the 
aluminum flakes, and the relationship between these 
conditions and the reversibility of the coloring 
process . 

The major experimental effort was carried out 
with earlier formulations of PEL dispersions which 
generally were effective for coloring the Sparkle 
Silver 3000 AR and Tuf flake 3645 Aluminum Paste grades 
but which showed some problems with respect to shelf 
life and irreversible coloring in different solvents. 
The more recent ES2-3 PEL formulation shows 
improvements in all respects including coloring 
characteristics with different color pigments. The 
indication, however, is that this PEL colors Tuf flake 
3 645 Al^T.inum Paste more efficiently than the Sparkle 
Silver 3 000 AR Aluminum Paste. 

It has been found that other materials, such as 
mica, can be successfully colored by employing the 
above coloring techiques, 15. Og of white mica, - 325 
mesh wet ground was c^spersed in.45.0g isopropanol and 
5 0. Og PEL and 0.03g Epicure 874 were added.. All 
components were slurried and then allowed to react. 
The colored material was collected and and the results 
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WHAT IS CLAIMED IS ; 

1 . A colored pigment comprising the 
combination of flakes and a polymer matrix 
encapsulating a solid colorant cured thereon, 

2. The colored pigment of claim 1 wherein the 
flakes are metallic flakes. 

3. The colored pigment of claim 2 wherein the 
metallic flakes comprise aluminum flakes. 

4. The pigment of claim 2 wherein said polymer 
and colorant comprise about 4% to 25% by weight of said 
combination. 

5. The pigment of claim 2 wherein said polymer 
and the colorant is in a ratio from 10% polymer to 90% 
colorant to 90% polymer to 10% colorant. 

6. The pigment of claim 3 wherein said polymer 
and colorant comprise about 4% to 25% by weight of said 
combination. 

7. The pigment of claim 3 wherein said polymer 
and said colorant is in a ratio from 10% polymer to 90% 
colorant to 90% polymer to 10% colorant, 

8. The pigment of claim 2 wherein said 
metallic flakes comprise zinc, 

9. The colored pigment of claim 2 wherein the 
flakes are selected from the group comprising zinc f 
brass, bronze and gold flakes. 

10. The colored pigment of claim 1 wherein the 
flakes are mica flakes. 

11. The pigment of claim 1 wherein said polymer 
is selected from the group consisting of polyvinyl 
butyral resin, vinyl acetal polymers, butyrals r 
bisphenol glycidyl ether type epoxy resin, rosin maleic 
copolymer resin r carboxyl functional acrylics, 
styrene/maleic anhydride copolymers and alkylated 
vinylpyrrolidone copolymers. 

12. A coating composition comprising the 
pigment of claim 1 and a suitable organic solvent. 

13. A coating composition comprising the 
pigment of claim 3 and a suitable organic solvent. 
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14. The coating composition of claim 13 wherein 
said solvent comprises mineral spirits. 

15. A method for preparing a colored metallic 
pigment comprising the steps of 

A. admixing metallic flakes in a lower 
alcohol, and 

B. adding to the mixture of Step A a colorant 
encapsulated in a polymeric matrix. 

16. The method of claim 15 wherein said 
metallic flakes in said lower alcohol are at a 
concentration of less than 5% by weight. 



of water is not more than 5% by weight. 

18. The method of claim 15 wherein the 
resulting colored metallic pigment is separated from 
said admixture with mineral spirits. 

19, The method of preparing a colored metallic 
pigment comprising the steps of 

A. admixing aluminum flakes in mineral 
spirits ; 

B. dispersing the aluminum flake and mineral 
spirit mixture in a low, water miscible 
alcohol; 



C. adding a colored PEL; and 

D. coloring the aluminum flakes. 

20. The method of claim 19 and transferring the 



colored aluminum flakes to mineral spirits. 

21. The method of claim 19 comprising the step 
of maintaining the concentration of aluminum flakes and 
mineral spirits in the alcohol below 5% by weight. 

22. The method of claim 19 wherein the colored 
PEL comprises between about 6% to about 10% solids 
dispersed in water. 



17. The method of claim 15 wherein the content 
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